ABSTRACT -Corona generated pulsed currents on high voltage transmission line conductors radiate electromagnetic field, which inturn can interfere with communication systems, radio as well as television receivers operating nearby. In this paper, corona generated electromagnetic interference (EMI) field in dB at an observation point near the ground has been computed assuming ground as a perfect conductor. It has been observed that the interference field starts abruptly at the corona inception voltage and it increases with the voltage stress on the conductor. It is also observed that the EM1 field reduces with increase in lateral distance and also with increase in frequency as well as the conductor diameters for the same line voltage.
Introduction
EM1 field or radio noise field from high-voltage transmission lines are caused by corona, which is essentially due to the electrical breakdown of the air surrounding the conductors at higher voltage. When the conductor surface electric field exceeds the corona onset electric field, a partial electrical breakdown occurs in the surrounding air medium near the conductor surface and is called the corona dischargz. The increase of conductor surface gradient takes place with increase of supply voltage. In addition, organic contamination or attachment -of water droplets also may contribute to localized field enhancement. When organic particles or water droplets are attached to the conductor surface, the charge accumulation at that point increases which enhances the local electric field. The intensification of surface gradient locally leads to the corona discharge. The streamer generated during corona aischarge, transports electric charge into the surrounding air during the discharge cycle. These moving charges contribute directly to the noise fields. 'They also cause currents to be induced on the transmission line conductors. Since the charge is moved by a time varying electric field, it is equivalent to a current pulse and this When a communication line passes near the corridor of a HV or EHV transmission line, if the frequency of the radiated EM signal due to corona matches with that of the transmitted signal on the communication line, then the communication signal may . current pulse is the source of EM1 field. get distorted. To mitigate this effect, the communication line should pass at a safe distance away from the transmission line. Hence there is a need to estimate the radiated EM1 signal in dB at a given distance from the HV or EHV transmission line.
In this paper, radiated EM1 in dB is computed for a single conductor high voltage over headline. This theoretical result is compared with the published experimental results available in the literature. In the computational work, earth is considered as an infinitely conducting ground.
Physical description of corona and EM1
When alternating supply voltage energizes the conductor, the conductor surface electric field exceeds the corona onset electric field of the ctndyctor. The corona discharge occurs in both positive and negative half cycle. So the corona is divided into positive and negative cdrona depending upon the polarity of the supply voltage.
When the conductor is positive with respect to ground, an electron avalanche moves rapidly into the conductor leaving the heavy positive-ion charge cloud close to conductor, which drifts away. The rapid movements of electrons and motion of positive ions gives the steep front of the pulse, while the further drift of positive ions will give slow tail of the corona pulse.
When conductor is negative with respect to the ground, an electron avalanche moves away from the energized conductor and the positive heavy ions move towards the conductor. Since the heavy positive ions are , moving towards the higher electric field, their motion is very rapid which gives rise to a much sharper pulse than the positive pulse. Due to rapid moment of the electrons from the conductor surface, the electric field regains its original value at conductor surface very quickly than in the case of positive polarity. Thus the negative corona pulses are lower in amplitude and lower in rise and fall times as compared to positive corona pulses. They have also higher repetition rates than the positive pulse. These chafacteristics are listed in table 1.
The corona current pulses thus generated can be represented by a double exponential current waveform which is given as follows i(t) = K.i,.(e*' -e+'), t 2 0
where i, is the amplitude of corona current in mA and K , a and P are constants
The rise time and fall time of the current pulse depends on a a n d P values respectively.
These constants for positive and negative corona are shown in equations 2 and 3 respectively [ 11. The positive corona current can be represented as I 1000-5000 1 -10 10 100
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and the negative corona current can be represented as
The frequency domain representation of the current pulse given by equation (1) is as follows
and I ( j 6 3 ) = Figure 3 shows the configuration of high voltage transmission line used in the study. A conductor at a height h (along the Y-axis) and radius U is assumed to be stressed with a voltage v a t power frequency. The observation point P is assumed to be at a distance d meters along the x-axis. The earth is assumed to perfectly conducting and hence to estimate the field at 
Method of calculation

P )
When the surface gradient due to supply voltage exceeds the onset electric field of the conductor, the corona discharge occurs in the vicinity of the conductor.
The corona onset field E, in kV/cm is given by the wellknown Peek's formula [2] which is given as follows E, = 2 1 . l m 6 1+-
( E)
where U is conductor radius in cm and m is conductor surface irregularity factor which is 1 for ideally smooth and clean conductors and it varies between 0.75 and 0.85 for stranded conductors.
6 is relative air density factor and is given by [3] 
+ t o ( 9 )
where p o and to are standard atmospheric pressure and temperature. p and t are the ambient pressure and temperature for test condition.
The corona current J is given by the equation 
Hx = "
The radiated electric field E, at point P is given by E, = ZoH,
where &, i s the wave impedance in free space and is
The EM1 field in dB with reference to 1 pv / m is given 
Results and Discussions
A conductor at a height of 15 m above the ground and diameter of 3 cm has been chosen for the study. The point of interest is located on ground at a distance of 15 m laterally from the conductor. The conductor voltage has been varied from 290 kV to 590 kV and EM1 field, computed. The results are presented in the following sections.
Variation of EM1 field with conductor voltage :
When the supply voltage exceeds the corona inception voltage of the conductor, the EM1 field increases rapidly with the voltage. Figure 5 shows the variation of EM1 
4.2.
Variation of EM1 field with lateral distance:
The lateral profile describes how the noise level falls off with increasing distance from the line. When the distance from the conductor increases laterally the EM1 field decreases rapidly as shown in figure 6. 
4.3.
Variation of EM1 field with conductor height 
Variation of EM1 field with conductor diameter
When conductor diameter increases, the EM1 field decreases with lateral distance. Figure 9 illustrates the EM1 (dB) variation with lateral distance for different diameters of the conductor. EM1 field due to corona generated pulse current has been computed for differ(xnl conductor voltages, lateral observation points, heignt if th--c.nductor dbove ground as well as conductor diameters. It has been observed that the EM1 field abruptly starts at the corona inception voltage and increases with the voltage stress on the conductor and decreases with lateral distance. The EM1 field in general decreases with conductor height, frequency and diameter 
